In this paper, the dynamics of a partial dependent predator-prey model with allelopathic effect and delay is studied. The model has four equilibrium points, i.e., the extinction of prey point, the extinction of predator point, the extinction of both predator and prey point, and the coexistent equilibrium. It is shown that the stability properties of the first three equilibrium points are not affected by the time delay; i.e., the extinction of predator point and the extinction of both predator and prey point are unstable, while the extinction of prey point is conditionally stable. However, the coexistent equilibrium may exhibit a Hopf bifurcation driven by time delay.
Introduction
Since the work of Lotka [6] and Volterra [9] , the dynamics of predator-prey interactions have been extensively investigated, including the stability, permanence, periodic solution, bifurcation and chaotic behavior (see e.g. [10] [11] and references therein). One of the predator-prey models which is based on the Lotka-Volterra system is a partial dependent predator-prey model proposed by Zhao and Lin [10]      are all positive constants. The discrete version of system (1) has been studied by Riva et al. [2] . Zhao and Lin [10] and Riva et al. [2] showed that system (1) exhibits a Hopf bifurcation which is controlled by the time delay  .
One of important aspects in the dynamics of two-species interaction is allelopathy. Allelopathy can be defined as the direct or indirect effect of one species on another through the production of a chemical released into the environment. The mathematical model that incorporates the allelopathic effects in the dynamics of two species Lotka-Volterra competition system is firstly introduced by Maynard-Smith [7] . Since then, a lot of mathematical models have been proposed to study the influence of allelopathic on the population dynamics of two interacting species, see e.g. [1, [3] [4] 8] . Recently, Fitria et al. [5] reconsider the non-delay partial dependent predator prey model (1) and include the allelopathic effects. In the present paper we extend model presented by Fitria et al. [5] by introducing a time delay: 
where  denotes the rate of toxic inhibition for the prey species released by the predator species. The aim of this study is to investigate how the time delay  affects the dynamics of this system. In particular, we will show the existence of Hopf bifurcation which is driven by the time delay .
Stability of Equilibria and Existence of Hopf Bifurcation
Before studying the effects of time delay, we first summarize the dynamical properties of system (2) when  = 0. Detailed analysis of this case can be seen in Fitria et al. [5] . Without time delay ( = 0), system (2) has four equilibrium points, i.e., the trivial or the extinction of both prey and predator equilibrium point is always locally asymptotically stable whenever it exists.
In the following we investigate the influence of time delay in system (2). It is clear that the equilibrium points of system (2) with time delay are exactly the same as those of system without delay. The dynamical analysis of system (2) is performed by first considering the transformation ) (
is an equilibrium point and 1 0    to obtain the linear system of delay differential equations 
where   , then the following cases emerge.
Case 1. Equation (8) has no positive root if at least one of the following is satisfied

Existence of Hopf bifurcation in a delay partial…
holds, then equation (8) has two positive roots Case 3. Equation (8) has one positive root if one of the following is satisfied
A Hopf bifurcation occurs when equation (8) 
be a root of equation (6) From equation (7) and equation (10), we can show that (2) which is driven by the time delay 
Numerical simulations
To illustrate the results of previous analysis, we perform some simulations by solving system (2) (8) E is unstable equilibrium and there exists a stable limit cycle.
Numerical solutions shown in Figure 1 and Figure 2 . It is seen in Figure 1 that the solution is convergent to 4 E when we take 
Conclusion
The dynamics of a partial dependent predator-prey model with allelophtic effect and delay have been investigated. The effect of time delay on system (2) has been discussed. From the stability analysis of all points, it is found that the time delay only affects the stability of the coexistent equilibrium point. Here the time delay is responsible for the stability switch of the coexistent equilibrium point, and a Hopf bifurcation occurs as the time delay increases to a certain threshold. Such analytical results have been confirmed by numerical results. Furthermore, our numerical simulations show that the Hopf bifurcation is supercritical.
